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H[SORULQJ QHZ RSSRUWXQLWLHV DQG FUHDWLQJ QHZ PROHFXODU VHOHFWLYH SURFHVVHV IRU SXULILFDWLRQ
FRQFHQWUDWLRQDQGVHSDUDWLRQRI OLTXLGVDQGJDVHV3DUWLFXODUO\ WKHGHYHORSPHQWRIQHZKLJKO\
HIIHFWLYHSURFHVVHVRIJDVVHSDUDWLRQZLWKDSSOLFDWLRQRIH[LVWLQJPDWHULDOVDQGPHPEUDQHVWDNH
VSHFLILFSODFH ,QSUHVHQW WLPHVSHFLDODWWHQWLRQGHYRWHVWRSXULILFDWLRQRIJDVDQG OLTXLGZDVWH
VWUHDPVIURPHFRORJLFDOO\KDUPIXODQGWR[LFVXEVWDQFHVVXFKDVJUHHQKRXVHJDVHV92&VDQG
RWKHUV)URPWKHIXQGDPHQWDOSRLQWRIYLHZWKHGHYHORSPHQWRQQHZKLJKO\HIIHFWLYHSURFHVVHV
RIJDVVHSDUDWLRQGHPDQGVWKH LQYHVWLJDWLRQRIPDVVWUDQVIHU LQ WKHXQVWHDG\NLQHWLFDUHDRI
JDVGLIIXVLRQWKURXJKDPHPEUDQH7KLVDSSURDFKDOORZVLQVRPHFDVHVWRREWDLQPXFKKLJKHU
VHOHFWLYLW\RIVHSDUDWLRQXVLQJWKHVDPHPHPEUDQHPDWHULDOVFRPSDUHGWRWUDGLWLRQDOSURFHVV
ZKHUH VWHDG\ VWDWH FRQGLWLRQV DUH DSSOLHG )LUVW VWXGLHV RI PHPEUDQH VHSDUDWLRQ SURFHVVHV
XQGHUXQVWHDG\VWDWHFRQGLWLRQV3DXO+ZDQJ	.DPPHUPH\HU%HFNPDQ




,W VKRXOG EH QRWHG WKDW WKH IXQFWLRQLQJ RI OLYH RUJDQLVPV LV UHODWHG ZLWK FRQWUROODEOH PDVV
WUDQVIHU WKURXJK FHOO PHPEUDQHV ZKLFK ³RSHUDWH´ LQ SDUWLFXODU UK\WKPV 7KH GHYHORSPHQW RI
KLJKO\HIIHFWLYHXQVWHDG\PHPEUDQHVHSDUDWLRQSURFHVVHVLVIDUIURPV\VWHPDWLFXQGHUVWDQGLQJ
DQG SUDFWLFDO HYDOXDWLRQ 7KHUHIRUH WKH HYROXWLRQ RI LQYHVWLJDWLRQV LQ WKLV DUHD ZLOO DOORZ
DFFXPXODWLQJ QHZ NQRZOHGJH DERXW XQVWHDG\ JDV VHSDUDWLRQ SURFHVVHV ZKLFK FDQ EH
SURWRW\SHVRIQHZSXOVHPHPEUDQHVHSDUDWLRQWHFKQRORJLHV
7KHRUHWLFDO GHVFULSWLRQRIXQVWHDG\PDVV WUDQVIHURIJDVHV LQPHPEUDQHV LVSUHVHQWHG LQ
WKLV ZRUN ([DPSOHV RI JDV PL[WXUH VHSDUDWLRQ DUH FRQVLGHUHG IRU WKUHH FDVHV RI JDV
FRQFHQWUDWLRQ YDULDWLRQ RQ PHPEUDQH VWHS IXQFWLRQ SXOVH IXQFWLRQ DQG KDUPRQLF IXQFWLRQ
8QVWHDG\ JDV IORZ UDWHV DQG XQVWHDG\ VHSDUDWLRQ IDFWRUV DUH FDOFXODWHG IRU DOO FDVHV
$PSOLWXGHIUHTXHQF\ SKDVHIUHTXHQF\ DQG DPSOLWXGHSKDVH FKDUDFWHULVWLFV DV ZHOO DV
/LVVDMRXV ILJXUHVDUHFDOFXODWHG IRUKDUPRQLF IXQFWLRQV7KHFRPSDULVRQRIPL[WXUHVHSDUDWLRQ
HIILFLHQF\XQGHUVWHDG\DQGXQVWHDG\PDVVWUDQVIHUFRQGLWLRQVLVFDUULHGRXW&DOFXODWLRQVZHUH




DQG WKHVROXELOLW\± WR+HQU\¶V ODZ WKH XQVWHDG\GLVWULEXWLRQ RI FRQFHQWUDWLRQ RIGLIIXVLQJJDV
&[WDFURVVWKHIODWPHPEUDQHZLWKWKLFNQHVVɇLVGHWHUPLQHGE\WKHQG)LFN¶VODZ$VWRVWHS
IXQFWLRQ YDULDWLRQ RI JDV FRQFHQWUDWLRQ LQ XSVWUHDP LW LV VKRZQ WKDW WKH QRQ VWHDG\VWDWH
VHOHFWLYLW\IDFWRU XVα GHSHQGVRQGLIIXVLRQWLPHWKHKLJKHVWYDOXHRIVHOHFWLYLW\FDQEHDFKLHYHG
DWVKRUWWLPHV,QWKHFDVHRISXOVHSHUPHDWLRQPHWKRGZHGHGXFHGWKHHTXDWLRQVGHVFULELQJWKH
UHVSRQVH IXQFWLRQRIJDV IOX[ZLWKGXUDWLRQǻW LQXSVWUHDP7KHFDOFXODWLRQRIELQDU\PL[WXUHV




2EWDLQHG GHSHQGHQFLHV RI DPSOLWXGH DQG SKDVH YDULDWLRQ RQ IUHTXHQF\ DUH XVHG IRU WKH
FKDUDFWHUL]DWLRQRIPHPEUDQH7KHH[LVWLQJRI ILYHGHJUHHVRI IUHHGRPVWHDG\VWDWHFRQGLWLRQ
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UHODWLYHO\RIZKLFKWKHKDUPRQLFIXQFWLRQWDNHVSODFHWLPHRIWKHVWHDG\VWDWHDFKLHYLQJFKDQJH
RI WKH DPSOLWXGH DQG SKDVH FKDUDFWHULVWLFV DIWHU WUDQVIHU WKURXJK PHPEUDQH DQG WKHLU
GHSHQGHQFHV RQ WKH IUHTXHQF\ DOORZV FRQWUROOLQJ WKH GLIIXVLRQ RI JDV DQG FRQVHTXHQWO\ WKH
VHSDUDWLRQSURFHVV&RQFHQWUDWLRQZDYHVGHFD\VWURQJO\ DVD UXOH KRZHYHU WKH\ SRVVHVVDOO
SURSHUWLHV RIZDYHV LQ SDUWLFXODUO\ LQWHUIHUHQFH DQG GLIIUDFWLRQ'XULQJ KDUPRQLF IXQFWLRQ WKH
TXDVLVWDWLRQDU\ JDV IOX[ YDOXH LV GHWHUPLQHG E\PHPEUDQHSHUPHDQFH WKH DPSOLWXGH RI WKH
WUDQVPLWWHG ZDYH GHSHQGV RQ SHUPHDELOLW\ LH RQ GLIIXVLYLW\ DQG VROXELOLW\ FRHIILFLHQWV
WKLFNQHVV RI PHPEUDQH DQG IUHTXHQF\ +RZHYHU WKH UDWLR EHWZHHQ WKH DPSOLWXGH RI WKH
RVFLOODWLRQVLQXSVWUHDPDQGGRZQVWUHDPGRHVQRWGHSHQGRQWKHSHUPHDELOLW\FRHIILFLHQW7KH
SKDVH VKLIW GHSHQGV RQ WKH GLIIXVLYLW\ FRHIILFLHQW  7KH VHSDUDWLRQ RI WHUQDU\ JDV PL[WXUH
R[\JHQQLWURJHQ[HQRQ LVSRVVLEOHXQGHU WKHFRQFHQWUDWLRQZDYHUHJLPHDVZHOO7KHUHVXOWV
RI PDWKHPDWLFDO PRGHOLQJ RI SHUPHDWLRQ RI WKH FRQFHQWUDWLRQ ZDYH RI QLWURJHQ R[\JHQ RU
[HQRQ ZHUH REWDLQHG IRU 39706 ILOP )ROORZLQJ YDOXHV RI SDUDPHWHUV ZHUH XVHG IRU
FDOFXODWLRQV WKLFNQHVVRI ILOP+ FPDUHD$6 FPUHIHUHQFHIUHTXHQF\ω V
UDQJHRIIUHTXHQF\VWLPHLQWHUYDOW VWUDQVSRUWSDUDPHWHUVIRU21DQG;H
7KH VHOHFWLYLW\ IDFWRU IOXFWXDWHV RQ SHULRGLFDO EXW QRW VLQXVRLGDO ORZ WKH IOXFWXDWLRQV DUH
VXEVWDQWLDOIRUJDVPL[WXUHVHQULFKHGE\;HDQGORZHUIRURQHVZLWKORZHUFRQWHQWRI;H
$V LW IROORZV IURP UHVXOWV RI PDWKHPDWLFDO PRGHOLQJ WKH DSSOLFDWLRQ RI XQVWHDG\ PDVV
WUDQVIHU UHJLPHV DOORZV HIIHFWLYHO\ FRQWURO WKH VHOHFWLYLW\ RI JDV PL[WXUH VHSDUDWLRQ E\
PHPEUDQH3DUWLFXODUO\WKHDSSOLFDWLRQRISXOVHDQGKDUPRQLFRVFLOODWLRQVRIJDVFRQFHQWUDWLRQ




ZDYHPHWKRG LV ORZHIIHFWLYHEXW IRU;H1DQG;H2JRRGVHSDUDWLRQFDQEHREWDLQHG7KH
VWXG\RIXQVWHDG\PDVV WUDQVIHU LV LPSRUWDQW IRUGHYHORSPHQWRIJDVVHQVRUVZLWKPHPEUDQH
FRDWLQJVLQFHWKH\KDYHORZVHOHFWLYLW\DQGWKHUHIRUHUHVSRQGWRDOOFRPSRQHQWVRIJDVPL[WXUH
6XJJHVWHGPDWKHPDWLFDODSSDUDWXVDOORZVWRVROYHWKHVHWDVNVDQGWRIRUPXODWHUHTXLUHPHQWV
WR WKH V\VWHP ³PHPEUDQHJDV PL[WXUH´ IRU UHDOL]DWLRQ RI XQVWHDG\ KLJKO\ HIIHFWLYH JDV
VHSDUDWLRQ SURFHVVHV 7KH GHYHORSPHQW RI PDWKHPDWLFDO DSSDUDWXV RI VHOHFWLYH XQVWHDG\
WUDQVIHURIJDVPL[WXUHVWKURXJKPHPEUDQHVLVQHFHVVDU\IRUGHYHORSPHQWRISKHQRPHQRORJLFDO
GHVFULSWLRQRIG\QDPLFVRIPDVVWUDQVIHURI21DQG&2LQEUHDWKLQJDSSDUDWXVRIKXPDQV
DQGDQLPDOVIRUXQGHUVWDQGLQJRIIXQFWLRQLQJRIOLYHRUJDQLVPV
.H\ZRUGV8QVWHDG\VWDWHSHUPHDELOLW\PDWKHPDWLFVRIGLIIXVLRQFRQFHQWUDWLRQZDYHV
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